INTRODUCTION: Over a decade, a large number of selective cyclooxygenase-2 (COX-2) inhibitors with diverse chemical characteristics have been designed but only a few have emerged as drugs. MATERIALS AND METHODS: In the present study, two-dimensional-quantitative structureactivity relationship (2D-QSAR) studies were performed on a set of 43 novel derivatives of diaryl furanone using V-Life Molecular Design Suite (MDS 3.5) QSAR plus module using multiple linear regression (MLR) and Partial Least Square (PLS) regression methods against a COX-2 enzyme. RESULTS AND DISCUSSION: PLS method has displayed a very significant prediction results. QSAR model was generated by a training set of 33 molecules with correlation coefficient (r2) of 0.7695, cross-validated correlation coefficient (q2) of 0.5359 and F test of 23.3734. The estate contribution, chi, hydrophobic, and alignment-independent descriptors were major contributors. CONCLUSION: 2D-QSAR model result showed the positive contribution of oxygen atoms and negative contribution of rotatable bonds and distance between double bonds toward biological activity.
Introduction

I
nflammation is a common phenomenon involving interrelationships humoral and cellular reactions through a number of inflammatory mediators which involves a large number of vasoactive, chemotactic, and proliferative factors at different stages and there are many targets for inflammatory action. [1] Inflammation is defined as the local response of living mammalian tissue to injury due to any agent. Although inflammation is a body defense mechanism, nevertheless, it is also a symptom of great deal of common diseases also as an early phase of some serious diseases such as cancer, cardiac vascular diseases, and Alzheimer's dementia. [2] Inflammation has been suggested as a new hallmark of cancer. Therefore, the challenge still exists for the medicinal chemists to develop, effective anti-inflammatory agents with enhanced safety profile. L a r g e n u m b e r s o f n o n -s t e r o i d a l anti-inflammatory drugs (NSAIDs);
[ Figure 1 ] are widely preferred class of drugs used in the treatment of pain, fever, inflammatory diseases, and rheumatoid arthritis. [3, 4] The pharmacological activities of NSAIDs are related to the suppression of prostaglandin (PG) biosynthesis from arachidonic acid by inhibiting the enzyme PG endoperoxidase, popularly known as cyclooxygenase (COX), and 5-lipoxygenase. [5, 6] These enzymes catalyze the rate-limiting steps in the biosynthesis of PGs and leukotrienes, respectively. Cyclooxygenase exists in two isoforms, COX-1 and COX-2, which are regulated and expressed differently but catalyses the same reactions. The COX-1 is constitutively expressed in most of the tissues and plays an important role in maintaining the homeostasis. On the other hand, COX-2 is inducible which is activated by pro-inflammatory stimuli and is involved in the inflammatory processes. These findings led to the hypothesis that the inhibition of COX-1 is associated with the adverse effects of classical NSAIDs whereas inhibition of COX-2 is responsible for their anti-inflammatory effects. [7, 8] Long-term usages of NSAIDs have been associated with dyspepsia, GI ulceration, and nephrotoxicity. The GI damage from NSAIDs is generally attributed to two factors, local irritation by the carboxylic acid moiety common to most NSAIDs (topical effect) and decreased tissue PG production, which determines the physiological role of cytoprotective PGs in maintaining the GI health and homeostasis [9, 10] The discovery of COX-2 isoforms has opened the possibility of developing selective COX-2 inhibitors to act as an effective NSAID without the gastric side effects. [11] Previously marketed drugs such as celecoxib, rofecoxib, and etodolac act by inhibiting COX-2 enzyme. However, these COX-2 selective inhibitors have been reported to be associated with cardiovascular side effects. [12] The aggressive explorations in search of safer selective COX-2 inhibitors lead to the introduction of rofecoxib, celecoxib, valdecoxib, and etoricoxib [ Figure 2 ]. [13] Various studies suggest that the cardiovascular toxicity associated with the use of selective COX-2 inhibitors might be dependent on the dose as well as on the duration of treatment. [14, 15] To overcome these side effects much of the studies are being focused on synthesis and identification of new chemical entities with minimal side effects and excellent anti-inflammatory properties. Considering this panorama several heterocyclic compounds, including pyrroles, furanones, thiazoles, imidazoles, thiadiazoles, and 1,3,4-oxadiazole derivatives have been designed, synthesized, and proved to be potent COX-2 inhibitors. [13] One could not, however, confirm that the compounds designed would always possess good COX-2 inhibitory activity, while experimental assessments of inhibitory activity of these compounds are time-consuming and expensive. Consequently, it is of interest to develop a prediction method for biological activities before the synthesis. [16] Quantitative structure-activity relationship (QSAR) searches information relating chemical structure to biological and other activities by developing a QSAR model. A QSAR study has been perceived as means of establishing a correlation between chemical structure modification and respective changes in biological activity. Several molecular descriptors are used to quantify the structural feature of lead molecule. The purpose of using QSAR-descriptors is to calculate the properties of molecules that serve as numerical descriptions or characterizations of molecules in other calculations such as diversity analysis or combinatorial library design. Using such an approach one could predict the activities of newly designed compounds before a decision is being made whether these compounds should be really synthesized and tested.
Diarylfuranone derivatives have been extensively investigated as selective COX-2 inhibitors [17] and the blockbuster drug rofecoxib belongs to this class containing the basic structural framework of 3,4-diarylfuranone. [18] Since then this molecular fragment has been the target of continuous efforts in designing new chemical entities as selective COX-2 inhibitors. From the reported literature, it was evident that several QSAR works have been carried out leading to the development of selective COX-2 inhibitors. [19, 20] Conventionally, the classic two-dimensional (2D) QSAR model is only an approximation to the actual relationship as it mainly uses 2D molecular descriptors.
Based on the above facts and in continuation of our research program on anti-inflammatory agents, [21, 22] the 
Experimental/Computational Methods
Chemical data
A series of 43 molecules belonging to diaryl furanone derivatives as selective COX-2 inhibitors were taken from the literature [22] and used. The 2D-QSAR Models were generated using a training set of 33 molecules. The observed and predicted biological activities of the training and test set molecules are presented in Table 1 . Predictive power of the resulting models was evaluated by a test set of 10 molecules with uniformity distributed biological activities. The observed selection of test set molecules was made by considering the fact that test set molecules represents a range of biological activity similar to the training set.
Data set
All computational work was performed on apple workstation (8-core processor) using MDS QSAR software developed by vLife Sciences Technologies Pvt. Ltd, Poona, India, on Windows XP operating system. All the compounds were drawn in Chem DBS using fragment database and then subjected to energy minimization using batch energy minimization method. Conformational search was carried out by systematic conformational search method.
Biological activities
The negative logarithm of the measured IC 50 (µM) against COX-2 as pIC 50 [pIC 50 = -log (IC 50 × 10 -6 )] was used as dependent variable, thus correlating the data linear to the free energy change. Since some compounds exhibit insignificant/no inhibition, such compounds were excluded from the present study. The IC 50 values of reference compounds were checked to ensure that no difference occurred between different groups. The pIC 50 values of the molecules under study spanned a wide range from 3 to 8.
Molecular descriptors
Various 2D descriptors (total of 48) element counts, molecular weight, molecular refractivity, logP, topological index, Baumann's alignment-independent topological descriptors, etc., were calculated using V-Life MDS software. The preprocessing of the independent variables (constant column) and cross-correlated descriptors (with r 2 = 0.7695) which resulted in total 48 descriptors for MLR, principal component regression (PCR), and PLS respectively to be used for QSAR analysis.
Selection of training and test set
The data set of 43 molecules were divided into training and test set by manual method for MLR, PCR, and PLS models with pIC 50 activity-filled as the dependent variable and various 2D descriptors calculated for the molecules as independent variables.
Model validation
This is done to test the internal stability and predictive ability of the QSAR models. Developed QSAR models were validated by the following procedure;
Internal validation
Internal validation was carried using leave-one-out (q 2 , LOO) method. For calculating q 2 , each molecule in the training set was eliminated once and the activity of the eliminated molecule was predicted using the model developed by the remaining molecules. The q 2 was calculated using the equation which described the internal stability of a model. 
Where y i and ˆy i are the actual and predicted activity of the i th molecule in the training set, respectively, and y mean is the average activity of all molecules in the training set.
External validation
For external validation, the activity of each molecule in the test set was predicted using the model developed by the training set. The predicted-r 2 value is calculated as follows. 
Where y i and ˆy i are the actual and predicted activity of the i th molecule in the training set, respectively, and y mean is the average activity of all molecules in the training set. Both summations are over all molecules in the test set. Thus, the pred_r 2 value is indicative of the predictive power of the current model for the external test set.
Randomization test
To evaluate the statistical significance of the QSAR model for an actual data set, 1 tail hypothesis testing was used. The robustness of the models for training set was examined by comparing these models to those derived from random data sets. Random sets were generated by rearranging the activities of the molecules in the training set. The statistical model was derived using various randomly rearranged activities (Random sets) with the selected descriptors, and the corresponding q 2 were calculated. The significance of the models hence obtained was derived based on the calculated Z score.
A Z score value is calculated by the following formula;
Where h is the q 2 value calculated for the actual dataset, µ the average q 2 , and s is its standard deviation calculated for various iterations using models build by different random datasets. The probability (a) of significance of randomization test is derived by comparing Z score value with Z score critical value as reported in reference, if Z score value is <4.0; otherwise it is calculated by the formula as given in the literature. For example, a Z score value >3.10 indicates that there is a probability (a) of <0.001 that the QSAR model constructed for the real dataset is random. The randomization test suggests that all the developed models have a probability of <1% that the model is generated by chance.
Quantitative structure-activity relationship by multiple linear regression analysis
Multiple regression is the standard method for multivariate data analysis. It is also called as ordinary least square regression. This method of regression estimates the values of the regression coefficients by applying least squares curve fitting method. Forgetting reliable results, dataset having typically five times as many data points (molecules) as independent variables (descriptors) is required.
The regression equation takes the form Y = b1*x1+b2*x2+b3*x3+c
Where Y is the dependent variable, the "b" s are the regression coefficient for corresponding "x" s (independent variable), "c" is a regression constant or intercept. In the present study, QSAR model was developed using multiple regression by forward-backward variable selection method. With pIC 50 activity-filled as dependent variable and physicochemical descriptors as independent variable having cross-correlation limit of 20 and number of variable in final equation were 5. Selection of test and training set was done by the manual method.
Quantitative structure-activity relationship by principal component regression method
Principle components analysis rotates the data into a new set of axes such that first few axes reflect most of the variations within the data. By plotting the data on these axes, we can spot major underlying structures automatically. The value of each point, when rotated to a given axis, is called the principal component value. Principal components analysis selects a new set of axes for the data. These are selected in decreasing order of variance within the data. They are also perpendicular to each other. Hence, the principal components are uncorrelated. Some components may be constant, but these will among the last selected. The problem noted with MLR was that correlated variables cause instability. This process gives the modeling method known as principal components regression. Rather than forming a single model, as with MLR, a model can be formed using 1, 2. Components and a decision can be made as to how many components are optimal. If the original variables contained co-linearity, then some of the components will contribute only noise. So long as these are dropped, the models can be guaranteed that our model will be stable. The QSAR model was developed using PCR by forward-backward variable selection method with pIC 50 activity-filled as the dependent variable and physicochemical descriptor as independent variable having cross-correlation limit of 18.9 and number of variable in final equation was 4. Selection of test and training set was done by manual method.
Quantitative structure-activity relationship by partial least square regression method PLS is an effective technique for finding the relationship between the properties of a molecule and its structure. In mathematical terms, PLS relates a matrix Y of dependent variables to a matrix X of molecular structure descriptors, that is, a latent variable approach to modeling the covariance structures in these to spaces. PLS have two objectives: To approximate the X and Y data matrices and to maximize the correlation between them. Whereas the extraction of PLS components is performed stepwise and the importance of a single component is assessed independently, a regression equation relating each Y variable with the X matrix is created. PLS decomposes the matrix X into several latent variables that correlates best with the activity of the molecules. PLS can be done using NIPALS or SIMPLS interactive algorithm, with consecutive estimates obtained using the residual from previous interactions as the new dependent variable.
The QSAR model was developed using PLS by forward-backward variable selection method with pIC 50 activity-filled as dependent variable and physicochemical descriptors as independent variable having cross-correlation limit of 19.7 and number of variable in final equation was 4. Selection of test and training set was done by manual method. The manual test suggests that the developed model have the probability of <1% that the model is generated by chance. The observed and predicted pIC 50 along with residual values are shown in Table 1 . Statistical data are shown in Table 2 . The graph between observed and predicted (LOO) activities is presented graphically in Figure 3 . The descriptors which contribute for the pharmacological action are shown in Figure 4 .
Result and Discussion
The above study leads to the development of statistically significant QSAR model, which allows understanding of the molecular properties/features that play an important role in governing the variation in the activities. In addition, this QSAR study allowed investigating influence of very simple and easy to compute descriptors in determining biological activities, which could shed light on the key factors that may aid in design of novel potent molecules. The present QSAR model reveals that alignment-independent descriptor has a major contribution in explaining variation in activities. The definition and interpretation of the descriptors that were found to be dominating in the developed QSAR models is given below.
An alignment independent descriptor T_2_O_1 index (37.00%), this is, the count of number of double-bonded atoms (that is any double bonded atom, T_2) separated from oxygen atom by 1 bond in a molecule. This type of descriptor shows that the presence of double bond around oxygen atom is essential for the activity. It reveals that the presence of oxygen atom (furanone nucleus) is favorable for the activity.
Another alignment independent descriptor T_C_N_1 index (−16.00%) this is the count of number of carbon atoms (single, double, or triple bonded) separated from any nitrogen atom single, double or triple bonded by 1 bond distance in a molecule, and a contribution descriptor (20.00%), which represents the number of rotatable bonds present in a molecule, both are inversely proportional to the activity. In addition, the descriptor T_N_Cl_2 (−12.00%) which represents the count of number of nitrogen atom (single, double, or triple bonded) separated from chlorine atom by 2 bond distance in a molecule, also inversely relative to the activity.
However, another contribution descriptor XA Average Hydrophobicity (20.00%), an average hydrophobic value on the vdW surface (by Audry Method using XlogP) explains the importance of aromaticity in COX inhibitory activity. The manual test suggests that the developed model have a probability of <1% that the model is generated by chance. The calculated and predicted (LOO) activities of the compounds by the above models are shown in Table 1 . Statistical data are shown in Table 2 . The graph between observed and predicted (LOO) activities is presented graphically in Figure 5 . The descriptors which contribute for the pharmacological action are shown in Figure 6 .
A contribution descriptor index T_2_O_1 (37.00%), this is, the count of number of double-bonded atoms (i.e., any double-bonded atoms, T_2) separated from oxygen atom by 1 bond in a molecule.
A contribution descriptor index T_T_N_7 (−20%), this is the count of number of double-bonded atoms (i.e., any double bonded atom, T_T) separated from nitrogen atom by 7 bonds in a molecule. The contribution descriptor index a molecule. (−16%), this is, the count of number of rotatable bonds in a molecule.
A contribution descriptor index T_N_Cl_2 (10%), this is the count of number of nitrogen atoms (single, double, or triple bonded) separated from chlorine atom by 2 bond distance in a molecule. The contribution descriptor index T_O_O_2 (8%), this is, the count of number of oxygen atom (single, double, or triple bonded) separated from oxygen atom by 2 bond distance in a molecule. 
Conclusion
We hereby report the development of 2D-QSAR model to predict the structural features of diaryl furanones to inhibit COX-2 enzyme activity. The PLS method has displayed significant and encouraging results. The QSAR results obtained are in agreement with the observed SAR of diaryl furanones studied. The results of QSAR study considers both descriptors and chemical interactions involved in enzyme inhibitor complex along with wide structural diversity of compounds. In all the molecular descriptors, estate contribution, chi, hydrophobic and alignment independent descriptors were major contributors. Above 2D QSAR model showed positive contribution of oxygen atoms and negative contribution of rotatable bonds and distance between double bonds towards biological activity. Overall, this study provided valuable insights into the designing of more effective COX-2 inhibitors much before their synthesis. Hence, the 2D-QSAR model proposed in this work may be useful and can be employed to design newer diaryl furanone derivatives with specific inhibitory activity.
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